TITLE OF THE INVENTION 
SEMICONDUCTOR MEMORY DEVICE COMPRISING MAGNETO 
RESISTIVE ELEMENT AND ITS MANUFACTURING METHOD 
CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Applications No. 2003-080586, filed March 24, 2003; and 
No. 2003-207564, filed August 14, 2003, the entire 
contents of both of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor 
memory device and its fabricating method, e.g. a 
magneto resistive element provided in a magneto 
resistive random access memory (MRAM) and its 
peripheral structure . 

2. Description of the Related Art 

The MRAM is a general term for solid state 
memories which act as recorded information carriers 
utilizing the direction of magnetization of 
ferromagnetic material and which enable recorded 
information to be rewritten, retained, and read as 
required. 

A memory cell in the MRAM normally has a structure 
in which a plurality of ferromagnetic materials are 
stacked together. Information is recorded by using 
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binary information "1" and "0" to represent the 
relative arrangement of magnetizations of the plurality 
of ferromagnetic materials in the memory cell, i.e. to 
indicate whether the directions of the magnetization 
5 are parallel or antiparallel with one another. 

Recording information is written to the memory by using 
current magnetic fields to reverse the directions of 
magnetization of ferromagnetic materials of each memory 
cell . 

10 The MRAM is perfectly nonvolatile and enables 

information to be rewritten lO 1 ^ times or more. 
Furthermore, the MRAM enables nondestructive reading 
and does not require any refresh operations. Accord- 
ingly, it enables a read cycle to be reduced. It is 

15 also resistant to radiations compared to charge 

accumulation type memory cells. Thus, the MRAM has a 
large number of advantages in terms of functions 
compared to conventional semiconductor memories using 
dielectrics. The degree of integration per unit area 

20 of the MRAM and the time required by the MRAM for a 

write or read are expected to be generally equivalent 
to those of a DRAM (Dynamic Random Access Memory) . 
Accordingly, the non-volatility of the MRAM, its major 
characteristic, is expected to be utilized to use it as 

25 an external storage device for portable equipment, 

embedding it in an LSI, or apply it to a main memory of 
a personal computer. 
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A brief description will be given of a conven- 
tional method of forming an MTJ element having the spin 
valve structure. 

First, a switching transistor is formed on a 
semiconductor substrate. Subsequently, an interlayer 
insulating film, a local interconnect layer, a write 
interconnect layer, and a contact plug are formed in 
this order. Then, a nonmagnetic conductive film is 
formed on the interlayer insulating film as a leading 
interconnect layer. 

Next, a ferromagnetic layer is formed on the 
leading interconnect layer as a pinning layer. 
Furthermore, an insulating layer is formed on the 
pinning layer as a tunnel barrier film. Subsequently, 
a ferromagnetic layer is formed on the tunnel barrier 
film as a free layer. 

Moreover, the free layer, the tunnel barrier 
film, and the pinning layer are patterned using a 
photolithography technique and ion milling. This 
completes an MTJ element. 

Next, an Si02 film is formed on the MTJ element in 
order to protect the MTJ element. Then, the SiC>2 film 
and the nonmagnetic conductive film are patterned using 
the photolithography technique and etching. This 
completes a leading interconnect layer. 

Subsequently, an interlayer insulating film is 
formed so as to cover the MTJ element. Furthermore, a 



contact plug is formed in the interlayer insulating 
film so as to reach the free layer. 

The MTJ element is formed as described above. 

However, in the conventional MRAM, the upper and 
lower ferromagnetic layers, arranged opposite each 
other via the tunnel barrier film, may be electrically 
short-circuited at their ends. Thus, the yield of the 
MRAM decreases significantly. This is mainly because 
when a junction is etched using ion milling, residue 
containing metal remains near the tunnel barrier at a 
certain probability. The tunnel barrier film has a 
very small thickness of about 1 to 1.5 nm. That is, 
the upper and lower substrates are adjacent to each 
other at a very small distance of 1 to 1.5 nm. Thus, 
if the residue is larger than 1 to 1.5 nm in size, a 
short circuit may occur. However, for a large-scale 
MRAM, it is substantially impossible to avoid this 
defect. As the degree of integration of the MRAM 
increases, it tends to become increasingly difficult to 
obtain acceptable products. 

It is contemplated that the above short circuit 
problem may be solved by, for example, allowing ions to 
be incident at about 45° during an ion milling step. 
In this case, the sides of the MTJ are tapered. As a 
result, the probability of occurrence of a defect is 
expected to decrease. However, in an MRAM of a Gbit 
class, an MTJ element has a size of, for example, 
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0.1 x 0.2 (Jin. The distance between adjacent MTJ 
elements is about 0.1 pun. Then, to avoid an electric 
short circuit between the adjacent MTJ elements, ions 
are desirably allowed to enter the substrate surface as 
5 perpendicularly to it as possible during the ion 

milling step. That is, the short circuit between the 
MTJ elements and the short circuit between the 
ferromagnetic layers are traded off with each other. 
BRIEF SUMMARY OF THE INVENTION 
10 A semiconductor memory device according to an 

aspect of the present invention comprises: 

a memory cell comprising a first ferromagnetic 
film, a tunnel barrier film formed on the first 
ferromagnetic film, and a second ferromagnetic film 
15 formed on the tunnel barrier film; 

a side wall insulating film formed so as to 
surround at least sides of the second ferromagnetic 
film; and 

an interlayer insulating film formed so as to 
20 cover the memory cell and the side wall insulating 

film. 

A method for fabricating a semiconductor memory 
device according to an aspect of the present invention 
comprises : 

25 forming a first ferromagnetic layer on a 

semiconductor layer ; 

forming a tunnel barrier film on the first 
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ferromagnetic layer; 

forming a second ferromagnetic layer on the tunnel 
barrier film; 

patterning the second ferromagnetic layer to 
5 expose a part of the tunnel barrier film; 

forming a side wall insulating film on the tunnel 
barrier film so that the side wall insulating film 
surrounds side walls of the second ferromagnetic layer; 
and 

10 patterning the tunnel barrier film and the first 

ferromagnetic layer . 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
FIG . 1A is a sectional view of an MRAM according 
to a first embodiment of the present invention; 
15 FIG. IB is a perspective view of the MRAM 

according to the first embodiment of the present 
invention; 

FIG. 1C is a flow chart of MRAM fabricating steps 
according to the first embodiment of the present 
20 invention; 

FIGS. 2A to 2L are sectional views sequentially 
showing the MRAM fabricating steps according to the 
first embodiment of the present invention; 

FIG. 3 is a flow chart of MRAM fabricating steps 
25 according to a second embodiment of the present 

invention; 

FIGS. 4A and 4B are sectional views sequentially 
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showing the MRAM fabricating steps according to the 
second embodiment of the present invention; 

FIG . 5 is a flow chart of MRAM fabricating steps 
according to a third embodiment of the present 
5 invention; 

FIGS. 6A to 61 are sectional views sequentially 
showing the MRAM fabricating steps according to the 
third embodiment of the present invention; 

FIG. 7 is a flow chart of MRAM fabricating steps 
10 according to a variation of the third embodiment of the 

present invention; 

FIG. 8 is a sectional view of a magneto resistive 
element provided in an MRAM according to a fourth 
embodiment of the present invention; 
15 FIG. 9A is a plan view of an ideal magneto 

resistive element, showing the orientations of spins; 

FIG. 9B is a plan view of an actual magneto 
resistive element, showing the orientations of spins; 

FIG. 9C is a plan view of the magneto resistive 
2 0 element provided in the MRAM according to the fourth 

embodiment of the present invention; 

FIG. 10 is a sectional view of a magneto resistive 
element provided in an MRAM according to a fifth 
embodiment of the present invention; 
25 FIG. 11 is a plan view of the magneto resistive 

element provided in the MRAM according to the fifth 
embodiment of the present invention; 
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FIG. 12 is a sectional view of a magneto resistive 
element provided in an MRAM according to a sixth 
embodiment of the present invention; 

FIG. 13 is a sectional view of a magneto resistive 
5 element provided in an MRAM according to a seventh 

embodiment of the present invention; 

FIGS. 14A and 14B are sectional views sequentially 
showing MRAM fabricating steps according to the seventh 
embodiment of the present invention; 
10 FIG. ISA is a sectional view of an MRAM according 

to an eighth embodiment of the present invention; 

FIG. 15B is a perspective view of the MRAM 
according to the eighth embodiment of the present 
invention; 

15 FIG . 15C is a flow chart of MRAM fabricating steps 

according to the eighth embodiment of the present 
invention; 

FIGS. 16A to 16F are sectional views sequentially 
showing the MRAM fabricating steps according to the 
20 eighth embodiment of the present invention; 

FIG. 17 is a flow chart of MRAM fabricating steps 
according to a ninth embodiment of the present 
invention; 

FIGS. 18A and 18B are sectional views sequentially 
25 showing the MRAM fabricating steps according to the 

ninth embodiment of the present invention; 

FIG. 19 is a flow chart of MRAM fabricating steps 



according to a tenth embodiment of the present 
invention; 

FIGS. 20A to 20F are sectional views sequentially 
showing the MRAM fabricating steps according to the 
tenth embodiment of the present invention; 

FIG. 21 is a flow chart of MRAM fabricating steps 
according to a variation of the tenth embodiment of the 
present invention; 

FIG. 22 is a sectional view of a magneto resistive 
element provided in an MRAM according to an eleventh 
embodiment of the present invention; 

FIG. 23 is a sectional view of a magneto resistive 
element provided in an MRAM according to a twelfth 
embodiment of the present invention; 

FIG. 24 is a sectional view of a magneto resistive 
element provided in an MRAM according to a thirteenth 
embodiment of the present invention; 

FIG. 25 is a plan view of a magneto resistive 
element provided in an MRAM according to the fourteenth 
embodiment of the present invention; 

FIG. 26A is a flow chart of MRAM fabricating steps 
according to a fifteenth embodiment of the present 
invention; 

FIG. 26B is a flow chart of MRAM fabricating steps 
according to a variation of the fifteenth embodiment of 
the present invention; 

FIG. 27 is a block diagram of a modem having the 
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MRAM according to the first to fifteenth embodiments of 
the present invention; 

FIG. 28 is a block diagram of a cellular phone 
having the MRAM according to the first to fifteenth 
5 embodiments of the present invention; 

FIG. 29 is a block diagram of a card having the 
MRAM according to the first to fifteenth embodiments of 
the present invention; 

FIG. 30 is a top view of a transfer device which 
10 transfers data of the card having the MRAM according to 

the first to fifteenth embodiments of the present 
invention; 

FIG. 31 is a sectional view of the transfer device 
which transfers data of the card having the MRAM 

15 according to the first to fifteenth embodiments of the 

present invention; 

FIG. 32 is a sectional view of a transfer device 
which transfers data of the card having the MRAM 
according to the first to fifteenth embodiments of the 

20 present invention; 

FIG. 33 is a sectional view of a transfer device 
which transfers data of the card having the MRAM 
according to the first to fifteenth embodiments of the 
present invention; 

25 FIG. 34 is a sectional view of a magneto resistive 

element provided in an MRAM according to a first 
modification of the first to fifteenth embodiment of 
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the present invention; and 

FIG. 35 is a sectional view of a magneto resistive 
element provided in an MRAM according to a first 
modification of the first to fifteenth embodiment of 
5 the present invention, 

DETAILED DESCRIPTION OF THE INVENTION 
With reference to FIG. 1A, description will be 
given of a semiconductor memory device according to a 
first embodiment of the present invention. FIG. 1A is 
10 a sectional view of a memory cell in an MRAM. 

As shown in this figure, an element isolating 
region STI is formed in a semiconductor substrate 10. 
A switching transistor 11 is formed in an element area 
AA the periphery of which is surrounded by the element 
15 separating area STI. The switching transistor 11 

comprises impurity diffusion layers 12 formed in a 
surface region of the semiconductor substrate 10, a 
gate insulating film (not shown) , and a gate electrode 
13. The gate electrode 13 functions as a word line and 
20 is formed like a stripe extending along the direction 

of an easy axis (a direction perpendicular to the sheet 
of the drawing) . 

Further, an interlayer insulating film 14 is 
formed on the semiconductor substrate 10. The 
25 interlayer insulating film 14 covers the switching 

transistor 11. A contact plug 15 is formed in the 
interlayer insulating film 14. The contact plug 15 is 
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connected to one (a drain region) of the impurity 
diffusion layers 12 of the switching transistor 11. 

A metal interconnect layer 16 connected to the 
contact plug 15 is formed on the interlayer insulating 
5 film 14. Furthermore, an interlayer insulating film 17 

is formed on the interlayer insulating film 14. 
The interlayer insulating film 17 covers the metal 
interconnect layer 16. A contact plug 18 is formed in 
the interlayer insulating film 17. The contact plug 18 

10 is connected to the metal interconnect layer 16. 

Metal interconnect layers 19 and 20 are formed 
on the interlayer insulating film 17; the metal 
interconnect layer 19 is connected to the contact plug 
18, and the metal interconnect layer 20 is electrically 

15 separated from the metal interconnect layer. The metal 

interconnect layer 20 functions as a write word line 
and is formed like a stripe extending along the 
direction of the easy axis. Furthermore, an interlayer 
insulating film 21 is formed on the interlayer 

20 insulating film 17. The interlayer insulating film 21 

covers the metal interconnect layers 19 and 20. A 
contact plug 22 is formed in the interlayer insulating 
film 21. The contact plug 22 is connected to the metal 
interconnect layer 19. 

25 A nonmagnetic conductive film 23 connected to the 

contact plug 22 is formed on the interlayer insulating 
film 21. The nonmagnetic conductive film 23 functions 
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as a leading interconnect layer. It is formed of a 
multilayer film including a Ta layer of, for example, 
film thickness 3 nm, an Al layer 25 of, for example, 
film thickness 30 nm, and a Ta layer 26 of, for 
5 example, film thickness 30 nm which are sequentially 

formed. Further, a magneto resistive element 27 is 
formed on the nonmagnetic conductive film 23. The 
magneto resistive element 27 is formed to lie on top of 
the metal interconnect layer 20 so as to sandwich the 

10 interlayer insulating film 21 and the nonmagnetic 

conductive film 23 between itself and the metal 
interconnect layer 20. The magneto resistive element 
27 is designed so that an insulating film is sandwiched 
between magnetic material films and is, for example, an 

15 MTJ element. 

The structure of the magneto resistive element 27 
will be described with reference to FIGS . 1A and IB. 
FIG. IB is a perspective view of a semiconductor memory 
device focusing on the magneto resistive element 27. 

20 As shown in this figure, the magneto resistive 

element 27 is shaped like a general ellipse the major 
axis of which extends along the direction of the easy 
axis. The magneto resistive element 27 includes a 
pinning layer 28 formed on the nonmagnetic conductive 

25 layer 23, a tunnel barrier film 29 formed on the 

pinning layer 28, and a free layer 30 formed on the 
tunnel barrier film 29. The pinning layer 28 is formed 
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of a stacked film in which the following layers are 
sequentially formed: a seed layer (or buffer layer) 31 
formed of permalloy (Py: NiFe alloy) of, for example, 
film thickness 3 nm, an antif erromagnetic layer 32 
5 formed of IrMn of, for example, film thickness 15 nm, 

and a pinning ferromagnetic layer 33 formed of a CoFe 
layer of, for example, film thickness 5 nm. The tunnel 
barrier film 29 is formed of an AI2O3 layer of, for 
example, film thickness about 1 to 1.5 nm. The free 

10 layer 30 is formed of a stacked film including a CoFe 

layer 34 of, for example, 4 nm film thickness and a Py 
layer 35 of, for example, 20 nm film thickness which 
are sequentially formed. 

The pinning layer 28 and the tunnel barrier film 

15 29 have substantially the same surface area and 

completely overlap each other. The free layer 30 has a 
smaller surface area than the pinning layer 28 and the 
tunnel barrier film 29 and is provided, as a whole, on 
the tunnel barrier film 29. The magneto resistive 

20 element 27 is thus formed. 

A cap layer 36 is formed on the free layer 30. 
The cap layer 36 is formed of a multilayer film 
including a Ta layer of, for example, 20 nm film 
thickness, an Al layer 38 of, for example, 50 nm film 

25 thickness, and a Ta layer 39 of, for example, 10 nm 

film thickness which are sequentially formed. Further, 
a side wall insulating film 40 is formed on the tunnel 
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barrier film 29 so as to surround at least the 
periphery of the free layer 30. The side wall 
insulating film 40 is formed of, for example, an AI2O3 
film. 

5 Further, an SiC>2 film 41 is formed on the 

nonmagnetic conductive film 23 so as to cover the 
magneto resistive element 27, the cap layer 36, and the 
side wall insulating film 40. The SiO film 41 serves 
to protect the magneto resistive element 27. Further- 

10 more, an interlayer insulating film 42 is formed on the 

interlayer insulating film 21 so as to cover the 
nonmagnetic conductive film 23 and the SiC>2 film 41. A 
contact plug 43 is formed in the interlayer insulating 
film 42 and the Si0 2 film 41. The contact plug 43 

15 extends from the surface of the interlayer insulating 

film 42 to the Ta layer 39 in the cap layer 36. A bit 
line 44 connected to the contact plug 43 is formed on 
the interlayer insulating film 42. 

The memory cell including the magneto resistive 

20 element 27 and the switching transistor 11 is formed as 

described above. Spins in the pinning layer 28 in the 
magneto resistive element 27 are set beforehand to have 
predetermined orientations. The orientations of spins 
in the free layer 30 are then set to be parallel or 

25 antiparallel with the pinning layer 28. This creates 

two states to cause "0" or "1" data to be written in 
the magneto resistive element 27. 
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Now, with reference to FIGS . 1C and 2A to 2L, 
description will be given of method of fabricating the 
semiconductor memory device shown in FIGS. 1A and IB. 
FIG. 1C is a flow chart of MRAM fabricating steps 

5 according to the present embodiment. FIGS. 2A to 2L 

are sectional views sequentially showing the 
fabricating steps. In FIGS. 2B to 2L, the structure 
including the metal interconnect layers 19 and 2 0 and 
other components located below them is omitted. 

10 First, in step SI in FIG. 1C, the switching 

transistor 11 and the contact plug are formed. That 
is, as shown in FIG. 2A, the element isolating region 
STI is formed in the semiconductor substrate 10. Then, 
the switching transistor 11 is formed on the element 

15 area AA surrounded by the element isolating region STI 

using a well-known manner. The gate electrode 13 of 
the switching transistor 11 is formed like a stripe 
extending along the direction of the easy axis. Then, 
the interlayer insulating film 14 is formed on the 

20 semiconductor substrate 10. The interlayer insulating 

film 14 covers the switching transistor 11. Subse- 
quently, the contact plug 15 is formed in the 
interlayer insulating film 14. The contact plug 15 is 
connected to the drain region 12 of the switching 

25 transistor. 

Then, the metal interconnect layer 16 is formed 
on the interlayer insulating film 14. The metal 



interconnect layer 16 is connected to the contact plug 
15. Then, the interlayer insulating film 17 is formed 
on the interlayer insulating film 14. Subsequently, 
the contact plug 18 is formed in the interlayer 
insulating film 17. The contact plug 18 is connected 
to the metal interconnect layer 16. 

Then, the metal interconnect layers 19 and 20 are 
formed on the interlayer insulating film 17. The metal 
interconnect layer 19 is connected to the contact plug 
18. The metal interconnect layer 20 is separated from 
the metal interconnect layer 19 and is formed like a 
stripe extending along the direction of the easy axis. 
It is located immediately above the gate electrode 13. 
Subsequently, the interlayer insulating film 21 is 
formed on the interlayer insulating film 17. The 
interlayer insulating film 21 covers the metal 
interconnect layers 19 and 20. Subsequently, the 
contact plug 22 is formed in the interlayer insulating 
film 21. The contact plug 22 is connected to the metal 
interconnect layer 19. 

Then, in step S2 in FIG. 1C, a nonmagnetic layer 
and a ferromagnetic layer are formed on the interlayer 
insulating film 21. That is, as shown in FIG. 2B, a 
nonmagnetic conductive film is formed on the interlayer 
insulating film 21 and the contact plug 22. More 
specifically, the following layers are sequentially 
formed using a sputtering method: the Ta layer of, for 
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sputtering method or a CVD (Chemical Vapor Deposition) . 
As a result, the structure shown in FIG. 2B is 
completed. 

Then, in step S4 in FIG. 1C, a ferromagnetic layer 
5 and a nonmagnetic layer are formed on the tunnel 

barrier film 29. That is, as shown in FIG. 2C, the 
CoFe layer 34 of, for example, 4 nm film thickness and 
the permalloy layer 35 of, for example, 20 nm film 
thickness are sequentially formed on the tunnel barrier 

10 film 29 using the sputtering method. This multilayer 

film is used to form a free layer of the magneto 
resistive element. Subsequently, a nonmagnetic 
conductive film is formed on the permalloy 35. 
Specifically, the following layers are sequentially 

15 formed using the sputtering method: the Ta layer 37 of, 

for example, 20 nm film thickness, the Al layer 38 of, 
for example, 50 nm film thickness, and the Ta layer 39 
of, for example, 10 nm film thickness. This 
nonmagnetic conductive film is used to form a cap 

20 layer. As a result, the structure shown in FIG. 2C is 

completed. 

Then, in step S5 in FIG. 1C, a photo resist is 
applied to the surface of the nonmagnetic conductive 
film and is further patterned. That is, a photo resist 
25 50 is applied to the surface of the Ta layer 39. Then, 

a photolithography technique is used to pattern the 
photo resist 50 so that the resist 50 has a pattern for 



forming the magneto resistive element such as the one 
shown in FIG. 2D. This pattern is formed like an 
ellipse the major axis of which extends along the 
direction of the easy axis. It should be appreciated 
that the pattern may have other shape such as a 
rectangle . 

Then, in step S6 in FIG. 1C, the nonmagnetic 
conductive film and the ferromagnetic layer are 
patterned to form the cap layer 36 and the free layer 
30. That is, as shown in FIG. 2E, an etching operation 
is performed by an RIE method (Reactive Ion Etching) or 
by Ar ion milling using the photo resist 50 as a mask. 
This etching is continued until the tunnel barrier film 
29 is exposed. As a result, the Ta layers 39 and 37 
and the Al layer 38 are patterned to form the cap layer 
36. Further, the Py layer 35 and the CoFe layer 34 are 
patterned to form the free layer 30 of the magneto 
resistive element . 

Subsequently, the resist 50 is removed (step S7) . 

Then, in step S8 in FIG. 1C, an Al layer is 
formed. That is, as shown in FIG. 2F, an Al layer 51 
of 5 nm film thickness is formed on the tunnel barrier 
film 29, the free layer 30, and the cap layer 30 using 
the sputtering method. In this case, the Al layer 51 
has a thickness of about 3 nm on the side of the free 
layer 30. The relationship between the film thickness 
of the Al layer 51 formed on the tunnel barrier film 29 



22 - 



and cap layer 36 and the film thickness of the Al layer 
51 formed on the sides of the free layer 30 and cap 
layer 3 6 can be varied by the conditions under which Al 
is formed during sputtering. For example, this 
5 relationship can be controlled by the distance between 

a target and the semiconductor substrate, or the like. 

Then, in step S9 in FIG . 1C, the Al layer is 
oxidized to form the A1 2 0 3 layer 40. That is, as shown 
in FIG. 2G, the Al layer 51 is plasma-oxidized using 
10 the ICP method. Thus, the Al layer 51 becomes the 

AI2O3 layer 40, and the free layer 30 and the cap layer 
36 are covered with the AI2O3 layer 40. 

In steps S8 and S9, the Al layer 51 is desirably 
formed and oxidized without exposing the substrate to 
15 the atmosphere. To accomplish this, a semiconductor 

fabricating apparatus must be provided which can 
continuously carry out sputtering and a plasma 
oxidization process. This fabricating apparatus has, 
for example, a sputtering chamber and a oxidization 
2 0 chamber as well as a mechanism that can carry the 

semiconductor substrate between these chambers without 
exposing it to the atmosphere. Then, after the Al 
layer 51 has been formed in the sputtering chamber, the 
substrate is carried to the oxidization chamber without 
25 being removed from the semiconductor fabricating 

apparatus. The Al layer 51 is then plasma-oxidized. 

Then, in step S10 in FIG. 1C, the A1 2 0 3 layer 40 
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magneto resistive elements, all of the stacked film 
forming the pinning layer 28 may be patterned as 
described above but it is sufficient to pattern at 
least the pinning ferromagnetic layer 33 in step S12. 
5 In this case, the width of the pinning ferromagnetic 

layer 33 is formed to be larger than that of the free 
layer 30 by double the width of the AI2O3 layer 40. 

Then, in step S13 in FIG. 1C, a protective 
insulating film is formed. That is, as shown in 

10 FIG. 2 J, the sputtering method or the CVD (Chemical 

Vapor Deposition) method is used to form the SiC>2 film 
41 on the Ta layer 2 6 so as to cover the magneto 
resistive element 27. 

Subsequently, in step S14, a photo resist 52 is 

15 applied to the surface of the SiC>2 film 41. Then, the 

photo resist 52 is patterned using the photolithography 
technique as shown in FIG. 2 J. 

Then, in step S15 in FIG. 1C, the Si0 2 film 41 is 
patterned by anisotropic etching such as the RIE method 

20 using the photo resist 52 as a mask. As a result, the 

protective insulating film 41 such as the one shown in 
FIG. 2K is completed. Subsequently, the photo resist 
52 is removed (step S16) . 

Then, in step S17 in FIG. 1C, the nonmagnetic 

25 conductive film 23 is patterned by the RIE method or 

ion milling using the protective insulating film 41 as 
a mask. As a result, the leading interconnect layer 23 
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40 has a height of about 80 nm. Consequently, it is 
possible to hinder a short circuit between the pinning 
layer 28 and the free layer 30 unless the residue 
remaining after the Ar ion milling is about 80 nm or 
more in size. With the conventional configuration, a 
short circuit may be caused by residue of size 1 to 
1.5 nm, which is substantially equal to the film 
thickness of the tunnel barrier film. Therefore, the 
configuration according to the present embodiment 
allows the residue to be removed much more easily than 
the conventional one. As a result, the yield of MRAMs, 
notably large-scale MRAMs can be effectively improved. 

Further, the formation of the side wall insulating 
film 4 0 serves to hinder a short circuit between the 
free layer and pinning layer. This eliminates the need 
to carry out the Ar ion milling described in FIG. 21, 
in a diagonal direction. That is, the Ar ion milling 
can be accomplished using an incident angle substan- 
tially perpendicular to the semiconductor substrate 
surface. Consequently, the sides of the magneto 
resistive element 27 are substantially perpendicular to 
the semiconductor substrate surface. As a result, it 
is possible to hinder a short circuit between the 
adjacent magneto resistive elements 27. This 
contributes to improving the yield of the MRAM. 

Furthermore, with the fabricating method according 
to the present embodiment, the Al layer 51, formed on 
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the side walls of the magneto resistive element 27, is 
oxidized to form the side wall insulating film 40. 
With this fabricating method, the oxidation gradually 
proceeds from the outer sides of the Al layer 51. 
5 Finally, all of the Al layer 51 is oxidized to form the 

AI2O3 layer 40. In this case, oxygen is introduced 
into an end of the AI2O3 layer, the tunnel barrier film 
29. When the free layer 30 is patterned by the Ar ion 
milling, the tunnel barrier film 29 has its surface 

10 beaten by Ar ions and is thus damaged. As a result, 

the oxygen may be lost at the end of the tunnel barrier 
film 29. Then, the insulating property of the AI2O3 
layer 40 may be markedly lost to cause a short circuit 
between the free layer 30 and the pinning layer 28. 

15 With the fabricating method according to the present 

embodiment, when the Al layer 51 is oxidized, oxygen is 
also introduced into the end of the tunnel barrier film 
29. Accordingly, the AI2O3 layer 40 has a sufficient 
insulating property. As a result, the free layer 30 

20 and the pinning layer 28 can be electrically suffi- 

ciently separated from each other. That is, it is 
possible to prevent a short circuit in the magneto 
resistive circuit 27. Therefore, the yield of the MRAM 
can be improved. 

2 5 Furthermore, according to the first embodiment of 

the present invention, the operational reliability of 
the MRAM is improved. This will be described below. 
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With the fabricating method according to the 
present embodiment, the Ar ion milling described in 
FIG. 21 can be accomplished using an incident angle 
substantially perpendicular to the semiconductor 
5 substrate surface. Accordingly, the shape of the free 

layer 30 in the magneto resistive element 27 can be 
easily controlled. It is thus possible to hinder a 
value for a current required for a write from varying 
among magneto resistive elements. As a result, a write 
10 operation margin for the MRAM can be increased to 

improve the operational reliability of the MRAM. 

Moreover, the shape of the free layer 30 in the 
magneto resistive element 27 can be easily controlled 
as described above, so that it is easy to control the 
15 horizontal extension of the pinning layer 28 with 

respect to the free layer 30. It is thus possible to 
reduce differences among magneto resistive elements in 
the adverse effects of leakage magnetic fields from the 
pinning layer 28, or the like. As a result, the write 
20 operation margin for the MRAM can be increased to 

improve the operational reliability of the MRAM. 

Now, with reference to FIGS. 3, 4A, and 4B, 
description will be given of method of fabricating a 
semiconductor memory device according to a second 
25 embodiment of the present invention. FIG. 3 is a flow 

chart of MRAM fabricating steps according to the 
present embodiment. FIGS. 4A and 4B are sectional 
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views sequentially showing some of the fabricating 
steps. The present embodiment is used to describe 
another method of fabricating the MRAM shown in 
FIGS. 1A and IB, described in the above first 
5 embodiment . 

First, the structure shown in FIG. 2F is obtained 
through steps SI to S8, described in the above first 
embodiment. Subsequently, in step S20 in FIG. 3, the 
Al layer 51 is etched. That is, as shown in FIG. 4A, 

10 the Al layer 51 is etched using the Ar ion milling or 

the RIE method. As a result, the Al layer 51 remains 
only on the tunnel barrier film 29 and on the sides of 
the free layer 30 and cap layer 36. Furthermore, the 
Al layer 51 is left so as to surround the periphery of 

15 the free layer 30. 

Then, in step S21 in FIG. 3, the Al layer 51 is 
oxidized to form the AI2O3 layer. That is, the Al 
layer 51 is plasma-oxidized using, for example, the ICP 
method. As a result, the side wall insulating film 40 

20 formed of an AI2O3 layer is completed as shown in 

FIG. 4B. 

In the fabricating method according to the present 
embodiment, steps S8, S20, and S21 are also desirably 
executed without exposing the substrate to the 
25 atmosphere. To accomplish this, a semiconductor 

fabricating apparatus must be provided which can 
continuously execute the sputtering, plasma oxidization 
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process, and RIE or ion milling. The series of 
processes are executed within this semiconductor 
fabricating apparatus. However, if the RIE is compared 
with the ion milling, the former is more preferable. 
5 Then, in step Sll, the tunnel barrier film 29 is 

patterned to obtain the structure shown in FIG. 2H. 
Subsequently, as in the case with the first embodiment, 
steps S12 to S17 are executed to complete the MRAM 
shown in FIGS. 1A and IB. 

10 According to the present embodiment, effects 

similar to those of the above first embodiment are 
obtained. At the same time, the operational 
reliability of the MRAM can be further improved. This 
will be described below. 

15 With the fabricating method according to the 

present embodiment, after the Al layer 51 has been 
etched, it is oxidized to form the AI2O3 layer 40. 
Accordingly, the step of etching the AI2O3 layer 40 
need not be executed before the pinning layer 28 is 

20 patterned in contrast with the first embodiment. 

During the Ar ion milling, Al can be etched faster than 
AI2O3. Consequently, the etching operation can be 
easily stopped once the Ta layer 26, forming the 
leading interconnect layer, is exposed when the 

25 ferromagnetic layer is etched by the Ar ion milling in 

order to form the pinning layer 28. As a result, the 
resistance distribution of the leading interconnect 



layer 23 is improved. Furthermore, if the Al is etched 
using the RIE, the resistance distribution of the 
leading interconnect layer 23 can be further improved. 
This is because the use of the RIE enables the Al layer 
51 to be selectively etched and enables the etching to 
be reliably stopped at the surface of the tunnel 
barrier film 29. In this case, only the tunnel barrier 
film 29 and the pinning layer 28 must be etched by the 
Ar ion milling. As a result, the write operation 
margin for the MRAM can be increased to improve the 
operational reliability of the MRAM. 

Now, with FIGS. 5 and 6A to 61, description will 
be given of method of fabricating a semiconductor 
memory device according to a third embodiment of the 
present invention. FIG. 5 is a flow chart of MRAM 
fabricating steps according to the present embodiment. 
FIGS. 6A to 61 are sectional views sequentially showing 
some of the fabricating steps. The present embodiment 
relates to the MRAM fabricating method according to the 
above second embodiment which uses a hard mask. 

First, the structure shown in FIG. 2C is obtained 
through steps SI to S4, described in the above first 
embodiment. Then, in step S30 in FIG. 5, a hard mask 
layer 53 is formed on the Ta layer 39 using the 
sputtering or CVD method. 

Then, in step S31 in FIG. 5, a photo resist is 
applied to the surface of the hard mask layer 53 and is 
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further patterned. That is, as shown in FIG. 6B, the 
photolithography technique is used to pattern the photo 
resist 50 so that the resist 50 has a pattern for 
forming the magnetic resistive element as in the case 
5 with the step described in step S5 in the above first 

embodiment . 

Then, in step S32 in FIG. 5, the hard mask layer 
53 is patterned by the RIE method or Ar ion milling 
using the photo resist 50 as a mask. Subsequently, the 

10 photo resist 50 is removed (step S33) . Subsequently, 

in step S34 in FIG. 5, a nonmagnetic layer (Ta layer 39 
and 37 and Al layer 38) is patterned by the RIE method 
or Ar ion milling using the hard mask layer 53 as a 
mask. As a result, the cap layer 36 such as the one 

15 shown in FIG. 6C is completed. 

Then, in step S35 in FIG. 5, the ferromagnetic 
layer is patterned to form the free layer 30. That is, 
as shown in FIG. 6D, an etching operation is performed 
until the tunnel barrier film 29 is exposed by the RIE 

20 method or Ar ion milling using the hard mask layer 53 

as a mask. As a result, the Py layer 35 and the Co 
layer 34 are patterned to form the free layer 30 of the 
magneto resistive element. 

Then, in step S8 in FIG. 5, an Al layer is formed. 

25 That is, as shown in FIG. 6E, the Al layer 51 of about 

5 nm film thickness is formed on the tunnel barrier 
film 29, the free layer 30, the cap layer 36, and the 
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hard mask layer 53 using the sputtering method. The 
present step corresponds to step S8 described in the 
above first embodiment. 

Then, in step S20 in FIG. 5, the Al layer 51 is 
5 etched. That is, as shown in FIG. 6F, the Al layer 51 

is etched using the Ar ion milling or the RIE method. 
As a result, as shown in the figure, the Al layer 51 
remains only on the tunnel barrier film 29 and on the 
sides of the free layer 30, cap layer 36, and hard mask 

10 layer 53. In particular, the Al layer 51 is left so as 

to surround the periphery of the free layer 30. 

Then, in step S21 in FIG. 5, the Al layer 51 is 
oxidized to form an AI2O3 layer. That is, the Al layer 
51 is plasma-oxidized using, for example, the ICP 

15 method. As a result, the side wall insulating film 40 

formed of the AI2O3 layer is completed as shown in 
FIG. 6G. 

In the fabricating method according to the present 
embodiment, steps S35, S8, S20, and S21 are also 

20 desirably executed without exposing the substrate to 

the atmosphere. To accomplish this, a semiconductor 
fabricating apparatus must be provided which can 
continuously execute the sputtering, plasma oxidization 
process, and RIE or ion milling. 

25 Then, in step Sll in FIG. 5, the tunnel barrier 

film 29 is patterned to obtain the structure shown in 
FIG. 6H. Subsequently, in step S12, the ferromagnetic 
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layer is patterned. As a result, the pinning layer 28 
such as the one shown in FIG. 61 is completed. 

Subsequently, as described in the above first 
embodiment, steps S13 to S17 are executed to complete 
the MRAM. 

With the fabricating method according to the 
present embodiment, effects similar to those of the 
above first and second embodiments are obtained. 

FIG. 7 is a flow chart of MRAM fabricating steps 
according to a variation of the present embodiment. 
The present variation relates to the above first 
embodiment which uses a hard mask layer. That is, even 
with a hard mask layer, the side wall insulating film 
may be formed by patterning the AI2O3 layer. 

Then, with reference to FIG. 8, description will 
be given of a semiconductor memory device according to 
a fourth embodiment of the present invention. FIG. 8 
is a sectional view of a memory cell in an MRAM, 
notably its magneto resistive element. 

As shown in the figure, the magneto resistive 
element 27 of the MRAM according to the present 
embodiment corresponds to the arrangement according to 
the first to third embodiments in which the composition 
of AI2O3 as the tunnel barrier film 29 is improved. 
That is, the tunnel barrier film 29 has a higher oxygen 
content at the end than in the center of the magneto 
resistive element 27. Specifically, the composition of 



the tunnel barrier film is Al20 x in the center of the 
magneto resistive element and is A^Oy at its end, 
where x and y are both close to 3 and y>x . 

The present structure can be formed by increasing, 
in the above first to third embodiments, the time 
required for the oxidizing process to provide excessive 
oxidization when the Al layer 51 is oxidized. The 
excessive oxidization causes oxygen to enter the tunnel 
barrier film 29. As a result, the oxygen content in 
AI2O3 is higher at the end of the magneto resistive 
element. More specifically, in the steps in FIGS. 2G, 
4B, and 6G, oxygen is introduced into an area of the 
tunnel barrier film 29 which is located immediately 
below the in-surface edge of the free layer 20. This 
enables the oxygen content in this area of the tunnel 
barrier film 29 to be higher than that in the in- 
surface center of the free layer 30. 

With the configuration according to the present 
embodiment, effects similar to those of the above first 
and second embodiments are obtained. At the same time, 
the operational reliability of the MRAM can be further 
improved. This will be described below. 

FIG. 9A shows the planar shape of an ideal magneto 
resistive element. Intrinsically, the magneto 
resistive element is desirably perfectly elliptic. In 
this case, as shown in the figure, the orientations of 
spins are substantially fixed. 
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However, the formation of a magneto resistive 
element of 0.1 |xm size requires a very difficult 
machining technique. Accordingly, as shown in FIG. 9B, 
the periphery of the magneto resistive element is 
5 actually prone to be somewhat notched. In such a 

situation, the orientations of spins in the periphery 
are disturbed. Thus, the orientations of spins in the 
free layer are not necessarily parallel/antiparallel 
with the pinning layer. For an MRAM of a Gbit class, 

10 the adverse effects in the periphery of the MTJ element 

are not negligible because its magneto resistive 
element is smaller. Accordingly, the MR ratio of the 
magneto resistive element decreases substantially. As 
a result, the read operation margin may decrease to 

15 degrade the operational reliability of the MRAM. 

However, with the configuration according to the 
present embodiment, as shown in FIG. 9C, the tunnel 
barrier film 29 has a higher oxygen content in the 
periphery of the magneto resistive element, which tends 

20 to be notched. Consequently, tunnel resistance per 

unit area is low in the center of the magnet resistive 
element, while it is high at the end of the element. 
That is, a tunnel current conducts easily through the 
center of the magneto resistive element but not through 

25 its end. Then, the area of the tunnel barrier film 29 

which has the composition of Al20y does not substan- 
tially function as a magneto resistive element. The 



orientations of spins are prone to be disturbed in this 
are. In contrast, the area of the tunnel barrier film 
29 which has the composition of Al20 x substantially 
function as a magneto resistive element. The 
orientations of spins are substantially fixed in this 
are. This reduces the adverse effects on the MR ratio 
of the disturbed spin orientations at the end of the 
magneto resistive element. This in turn serves to 
provide a reliable NRAM of a Gbit class which has a 
large read margin. 

Now, with reference to FIG. 10, description will 
be given of a semiconductor memory device according to 
a fifth embodiment of the present invention. FIG. 10 
is a sectional view of a memory cell in an MRAM, 
notably, its magneto resistive element. 

As shown in this figure, the magneto resistive 
element 27 of the MRAM according to the present 
embodiment corresponds to the arrangement according to 
the above first to third embodiments in which the 
tunnel barrier film 29 has a larger film thickness at 
the end of the magneto resistive element. That is, the 
tunnel barrier film 29 has a film thickness dl in the 
center of the magneto resistive element and a film 
thickness d2 at its end. In this case, d2>dl. 

The present structure can be formed by increasing, 
in the above first to third embodiments, the time 
required for the oxidizing process to provide excessive 
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oxidization when the Al layer 51 is oxidized. The 
excessive oxidization causes oxygen to enter not only 
the tunnel barrier film 29 but also an area of the in- 
surface edge of the free layer 30 which contacts with 
5 the tunnel barrier film 29. As a result, a part of the 

CoFe layer 34, forming the free layer 30, is oxidized 
to form a CoO x layer and an FeO x layer. The CoO x layer 
and the FeO x layer are insulators and function as a 
part of the tunnel barrier film. That is, at the end 

10 of the magneto resistive element, the tunnel barrier 

film 29 is formed of an AI2O3 layer, a CoO x layer, and 
an FeO x layer. Consequently, the tunnel barrier film 
29 apparently has a larger film thickness in the center 
than at the end of the magneto resistive element. 

15 With the present embodiment, not only the effects 

described in the above first and second embodiments but 
also the effects described in the fourth embodiment are 
obtained. That is, with the structure according to the 
present embodiment, the tunnel barrier film 29 has a 

20 larger film thickness in the periphery of the magneto 

resistive element 27, which tends to be notched. 
Consequently, the tunnel resistance per unit area is 
low in the center of the magnet resistive element, 
while it is high at the end of the element. That is, a 

25 tunnel current flows easily through the center of the 

magneto resistive element but not through its end. As 
a result, the effects described in the above fourth 
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embodiment contribute to reducing the adverse effects 
on the MR ratio of the disturbed spin orientations at 
the end of the magneto resistive element. This in turn 
serves to provide a reliable NRAM having a large read 
5 margin. 

Now, with reference to FIG. 12, description will 
be given of a semiconductor memory device according to 
a sixth embodiment of the present invention. FIG. 12 
is a sectional view of a memory cell in an MRAM, 

10 notably, its magneto resistive element. 

As shown in this figure, the magneto resistive 
element 27 of the MRAM according to the present 
embodiment corresponds to the arrangement according to 
the above first to third embodiments in which the 

15 tunnel barrier film 29 has a much larger film thickness 

at the end of the magneto resistive element. That is, 
the tunnel barrier film 29 has the film thickness dl in 
the center of the magneto resistive element and a film 
thickness d3 at its end. In this case, d3>d2>dl . 

20 The present structure can be formed by increasing, 

in the above first to third embodiments, the time 
required for the oxidizing process to provide excessive 
oxidization when the Al layer 51 is oxidized. The 
excessive oxidization causes oxygen to enter not only 

25 the tunnel barrier film 29 but also the pinning layer 

28 and the free layer 30. As a result, a CoO x layer 
and an FeO x layer are formed by oxidizing a part of the 
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pinning ferromagnetic layer 33, forming the pinning 
layer 28, and a part of the CoFe layer 34, forming the 
free layer 30. Thus, at the end of the magneto 
resistive element, the tunnel barrier film 29 is formed 
5 of an AI2O3 layer, and a CoO x and FeO x layers formed by 

oxidizing the CoFe layers 33 and 34. Consequently, the 
tunnel barrier film 29 apparently has a larger film 
thickness in the center than at the end of the magneto 
resistive element . 

10 With the present embodiment, effects similar to 

those of the fifth embodiments are obtained. Further, 
the tunnel resistance at the end of the magneto 
resistive element can be further increased compared to 
the fifth embodiment. Therefore, the read margin can 

15 be further increased to provide a reliable MRAM. 

Now, with reference to FIG. 13, description will 
be given of a semiconductor memory device according to 
a seventh embodiment of the present invention. FIG. 13 
is a sectional view of a memory cell in an MRAM, 

20 notably, its magneto resistive element. 

As shown in the figure, the magneto resistive 
element 27 comprises the pinning layer 28, the tunnel 
barrier film 29 formed on the pinning layer 28, and the 
free layer 30 formed on the tunnel barrier film 29. 

25 The pinning layer 28 has a stacked structure including 

the seed layer 31 formed of, for example, Py, the 
antif erromagnetic layer 32 formed of, for example, 
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IrMn, and the pinning ferromagnetic layer 33 formed of, 
for example, CoFe. Further, the free layer 30 has a 
multilayer structure Py 35/CoFe 34. The tunnel barrier 
film 29 has the film thickness dl in the center of the 
5 magneto resistive element and a film thickness d4 at 

its end (d4>dl) . 

Now, with reference to FIGS . 14A and 14B, 
description will be given of method of forming a 
magneto resistive element according to the present 
10 embodiment. FIGS. 14A and 14B are sectional views 

sequentially showing some of the MRAM fabricating 
steps . 

First, the structure shown in FIG. 2D is obtained 
by executing steps SI to S5 in FIG. 1C, described in 

15 the above first embodiment. Then, in an Ar/Cl2 mixed 

gas and, for example, with the substrate temperature 
set at 220°C, an etching operation is performed by the 
RIE method using the photo resist 50 as a mask. This 
etching operation is continued until the Ta layer 26, a 

20 part of the leading interconnect layer, is exposed. As 

a result, the Ta layer 39, the Al layer 38, the Ta 
layer 37, the Py layer 35, the CoFe layer 34, the AI2O3 
layer 29, the pinning ferromagnetic layer 33, the 
antif erromagnetic layer 32, and the seed layer 31 are 

25 sequentially etched to obtain a magneto resistive 

element having the structure shown in FIG. 14A. During 
the etching, some chloride ions adhere to the 
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neighborhood of end of the AI2O3 layer 29. Then, a 
very small amount of chloride atoms are diffused toward 
the inside of the magneto resistive element along the 
interface between the AI2O3 layer 29 and the CoFe 
5 layers 33 and 34 owing to the substrate temperature of 

220°C. 

Then, the magneto resistive element is exposed to 
an oxidization atmosphere. More specifically, the 
magneto resistive element is oxidized, for example, for 

10 about 5 minutes in an oxygen atmosphere at a pressure 

of about 200 Torr. Then, the CoFe layers 33 and 34, 
arranged over and under the tunnel barrier film 29, 
respectively, are oxidized at a higher speed in their 
areas which correspond to the end of the magneto 

15 resistive element and which are also close to their 

interfaces. Thus, the structure shown in FIG. 14B is 
obtained. 

With the configuration according to the present 
embodiment, in contrast with the above first to third 

20 embodiments, the side wall insulating film 40 is not 

formed. However, a CoO x layer and an FeO x layer are 
formed by oxidizing the CoFe layers 33 and 34, arranged 
over and under the tunnel barrier film 29, respec- 
tively, in their areas corresponding to the end of the 

25 magneto resistive element. Accordingly, the tunnel 

barrier film 29 is considered to have a larger film 
thickness at the end of the magneto resistive element. 
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Consequently, as in the above first embodiment, a short 
circuit can be hindered from occurring between the 
pinning layer 28 and the free layer 30 owing to 
residue. Further, the magneto resistive element 
5 described in FIG. 21 can be etched using an incident 

angle substantially perpendicular to the semiconductor 
substrate surface. It is thus possible to hinder a 
short circuit between adjacent magneto resistive 
elements. Furthermore, oxidization serves to supply 

10 oxygen to the end of the AI2O3 layer corresponding to 

the end of the magneto resistive element. This hinders 
a short circuit between the pinning layer 28 and the 
free layer 30. As a result, the yield of the MRAM 
can be improved. Further, as in the above first 

15 embodiment, the operational reliability of the MRAM can 

be improved. 

Now, with reference to FIG. 15A, description will 
be given of a semiconductor memory device according to 
an eighth embodiment of the present invention. 

20 FIG. ISA is a sectional view of a memory cell in an 

MRAM according to the present embodiment. The present 
embodiment is obtained by applying the above first 
embodiment to a top pin type MRAM. Consequently, the 
structure according to the present embodiment is 

25 similar to that described in the above first embodiment 

except for the magneto resistive element and its 
peripheral structure. Accordingly, the description of 



- 44 



components similar to those of the above first 
embodiment is omitted. 

As shown in the figure, the magneto resistive 
element 27 is formed on the nonmagnetic conductive film 
5 23, functioning as a leading interconnect layer. The 

magneto resistive, element 27 is, for example, an MTJ 
element. The structure of the magneto resistive 
element 27 will be described with reference to 
FIGS. 15A and 15B. FIG. 15B is a perspective view of a 

10 semiconductor memory device, focusing on the magneto 

resistive element 27. 

As shown in the figures, the magneto resistive 
element 27 is shaped like a general ellipse the major 
axis of which extends along the easy axis. It includes 

15 the free layer 30 formed on the nonmagnetic conductive 

film 23, the tunnel barrier film 29 formed on the free 
layer 30, and the pinning layer 28 formed on the tunnel 
barrier film 29. The free layer 30 is formed of a 
stacked film including a seed layer 60 formed of Cu of, 

20 for example, film thickness 5 nm and a permalloy (Py: 

NiFe) layer 65 of, for example, film thickness 5 nm 
which are sequentially formed. The tunnel barrier film 
29 is formed of an AI2O3 layer of, for example, film 
thickness 1 to 1.5 nm. The pinning layer 28 is formed 

25 of a stacked film including a CoFe layer 61 of, for 

example, film thickness 1.5 nm, an Ru layer 62 of film 
thickness 1 nm, and a CoFe layer 63 of, for example, 
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film thickness 2 nm which are sequentially stacked. 

The free layer 30 and the tunnel barrier film 29 
have substantially the same surface area and completely 
overlap each other. The pinning layer 28 has a smaller 
5 surface area than the free layer 30 and the tunnel 

barrier film 29 and is provided, as a whole, on the 
tunnel barrier film 29. The magneto resistive element 
27 is thus formed. 

An antif erromagnetic layer 64 is formed on the 

10 pinning layer 28. The antif erroelectric layer 64 is 

formed of an IrMn layer of, for example, film thickness 
15 nm. Furthermore, the cap layer is formed on the 
antif erromagnetic layer 64. The cap layer 36 is formed 
of a Ta layer of, for example, film thickness 5 nm. 

15 Further, the side wall insulating film 40 is formed on 

the tunnel barrier film 29 so as to surround at least 
the periphery of the pinning layer 28. The side wall 
insulating film 40 is formed of, for example, an AI2O3 
film. 

20 The other arrangements are similar to those of the 

first embodiment. 

Now, with reference to FIGS. 15C and 16A to 16F, 
description will be given of method of fabricating the 
semiconductor memory device shown in FIGS. 15A and 15B. 

25 FIG. 15C is a flow chart of MRAM fabricating steps 

according to the present embodiment. FIGS. 16A to 16F 
are sectional views sequentially showing the 
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fabricating steps. In FIGS. 16A to 16F, the structure 
including the metal interconnect layers 19 and 20 and 
other components located below them is omitted. 
Further, detailed description will be given of points 
5 different from those of the fabricating method 

described in the above first embodiment. 

First, as described in the first embodiment, in 
step SI in FIG. 15C, the structure shown in FIG. 2A is 
obtained. Then, in step S40, a nonmagnetic layer, a 

10 metal layer, and a ferromagnetic layer are formed on 

the interlayer insulating film 21. That is, as shown 
in FIG. 16A, a nonmagnetic conductive film (Ta layer 
26/A1 layer 25/Ta layer 24) is formed on the interlayer 
insulating film 21 and the contact plug 22. Subse- 

15 quently, a metal layer, for example, the Cu layer 60 of 

film thickness 5 nm is formed on the nonmagnetic 
conductive film. Then, a ferromagnetic layer, for 
example, the permalloy layer 30 of film thickness 5 nm 
is formed on the metal layer 60. The metal layer 60 

20 and the ferromagnetic layer 65 are used to form a free 

layer . 

Furthermore, in step S3, the tunnel barrier 
film 29 is formed on the ferromagnetic layer 65. 
Subsequently, in step S41, a ferromagnetic layer is 
25 formed on the tunnel barrier film 29. That is, the 

CoFe layer 61 of, for example, film thickness 1.5 nm, 
the Ru layer 62 of, for example, film thickness 1 nm, 



and the CoFe layer 63 of, for example, film thickness 
2 nm are sequentially formed on the tunnel barrier film 
29 using the sputtering method. The ferromagnetic 
layer formed of the multilayer film CoFe/Ru/CoFe is 
used to form a pinning layer of the magneto resistive 
layer. Subsequently, an antif erromagnetic layer, for 
example, the IrMn layer 64 of film thickness 15 nm 
is formed on the CoFe layer 63. Furthermore, a 
nonmagnetic conductive film, for example, the Ta layer 
36 of film thickness 5 nm is formed on the IrMn layer 
64. This nonmagnetic conductive film 36 is used to 
form a cap layer. As a result, the structure shown in 
FIG. 16A is completed. 

Then, in step S5, a photo resist is applied to the 
surface of the nonmagnetic conductive film 36. Then, 
the photolithography technique is used to pattern the 
photo resist so that the resist has a pattern for 
forming the magneto resistive element. Subsequently, 
in step S42, the nonmagnetic conductive film 36, the 
antif erromagnetic layer 64, and the ferromagnetic 
layers 61 to 63 are patterned using the RIE method or 
the Ar ion milling. As a result, the pinning layer 28 
of the magneto resistive element is formed as shown 
in FIG. 16B. Subsequently, the resist is removed 
(step S7) . 

Then, in step S8, the Al layer 51 is formed to 
obtain the structure shown in FIG. 16C. Subsequently, 
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in step S9, the Al layer 51 is oxidized to form the 
A1 2°3 layer 40. As a result, the structure shown in 
FIG- 16D is obtained. That is, the pinning layer 28, 
the antif erromagnetic layer 64, and the cap layer 36 
5 are covered with the A1 2 0 3 layer 40. 

Then, in step S10 in FIG . 15C, the A1 2 0 3 layer 40 
is etched to form a side wall insulating film. 
Subsequently, in step Sll, the tunnel barrier film 29 
is etched. As a result, as shown in FIG. 16E, the 

10 AI2O3 layer 40 remains only on the tunnel barrier film 

29 and on the sides of the antif erromagnetic layer 64 
and pinning layer 28 and on the side of a part of the 
cap layer 36. Furthermore, the Al 2 0 3 layer 40 is left 
so as to surround the periphery of the pinning layer 28 

15 and antif erromagnetic layer 64. The AI2O3 layer 40 has 

only to surround at least the periphery of the pinning 
layer 28 and need not surround the entire sides of the 
antif erromagnetic layer 64. 

Then, in step S43, the ferromagnetic layer 65 and 

20 the metal layer 60 are patterned. As a result, the 

f ree layer 30 is formed as shown in FIG. 16F. The 
sides of the free layer 30 are formed so as to be flush 
with the sides of the AI2O3 layer 40. Accordingly, the 
width of the free layer 30 is formed to be larger than 

25 that of the pinning layer 28 by double the width of the 

AI2O3 layer 40. The present steps complete the magneto 
resistive element 27 shaped like an ellipse the major 
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axis of which extends along the easy axis as shown 
in FIG. 15B. Further, as described in the first 
embodiment, although all of the stacked film forming 
the free layer 30 may be patterned, it is sufficient to 
5 pattern at least the NiFe layer 65 in step S43. 

Subsequently, the structure shown in FIGS, 15A and 
15B is completed through steps S13 to S17, described in 
the above first embodiment . 

As described above, with the structure and 
10 fabricating method according to the present embodiment, 

effects similar to those of the above first embodiment 
are obtained even with an MRAM of a top pin type 
structure in which a pinning layer is formed on a free 
layer . 

15 Now, with reference to FIGS, 17, 18A, and 18B, 

description will be given of method of fabricating a 
semiconductor memory device according to a ninth 
embodiment of the present invention. FIG. 17 is a flow 
chart of MRAM fabricating steps according to the 

20 present embodiment. FIGS. 18A and 18B are sectional 

views sequentially showing some of the fabricating 
steps. The present embodiment corresponds to the above 
second embodiment applied to a top pin type MRAM. It 
is used to describe another method of fabricating the 

25 MRAM shown in FIGS. 15A and 15B, described in the above 

eighth embodiment. 

First, the structure shown in FIG. 16C is obtained 
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through steps SI to S8 described in the above eighth 
embodiment. Subsequently, in step S20 in FIG. 17, the 
Al layer 51 is etched. That is, as shown in FIG. 18A, 
the Al layer 51 is etched using the Ar ion milling or 
5 the RIE method. As a result, as shown in the figures, 

the Al layer 51 remains only on the tunnel barrier 
film 29 and on the sides of the pinning layer 28, 
antif erromagnetic layer 64, and cap layer 36. 
Furthermore, the Al layer 51 is left so as to surround 

10 the periphery of the pinning layer 28. 

Then, in step S21, the Al layer 51 is oxidized 
to form an AI2O3 layer. As a result, as shown in 
FIG. 18B, the side wall insulating film 40 formed of 
the AI2O3 layer is completed. 

15 Then, in step Sll, the tunnel barrier film 29 is 

patterned to obtain the structure shown in FIG. 16E. 
Subsequently, as in the case with the eighth 
embodiment, the MRAM shown in FIGS. 15A and 15B is 
completed through steps S43 to S17. 

20 With the structure and fabricating method 

according to the present embodiment, the effects 
described in the above second embodiment are obtained 
even with a top pin type MRAM. 

Now, with reference to FIGS. 19 and 20A to 20F, 

25 description will be given of method of fabricating a 

semiconductor memory device according to a tenth 
embodiment of the present invention. FIG. 19 is a flow 
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chart of MRAM fabricating steps according to the 
present embodiment. FIGS. 20A to 20F are sectional 
views sequentially showing some of the fabricating 
steps. The present embodiment corresponds to the above 
5 third embodiment applied to a top pin type MRAM . 

First, the structure shown in FIG. 16A is obtained 
through steps SI to S41 described in the above eighth 
embodiment. Then, in step S30, the hard mask layer 53 
is formed on the Ta layer 36 using the sputtering 

10 method or the CVD method. Thus, the structure shown in 

FIG. 20A is obtained. 

Then, in steps S31 and S32, a photo resist is 
applied to the surface of the hard mask layer 53. As 
shown in FIG. 2 OB, the lithography technique and 

15 etching are used to pattern the hard mask layer 53 so 

that the layer 53 has a pattern for forming the 
magnetic resistive element. Thereafter, the photo 
resist 50 is removed (step S33) . Subsequently, in step 
S34, the nonmagnetic layer 36 is patterned by the RIE 

20 method or Ar ion milling using the hard mask layer 53 

as a mask, to form a cap layer. Then, in step S50, the 
ferromagnetic layer 64 is patterned. Furthermore, the 
antiferromagnetic layers 61 to 63 are patterned to form 
the pinning layer 28. As a result, a structure such as 

25 the one shown in FIG. 20C is obtained. 

Then, in step S8, an Al layer is formed to obtain 
the structure shown in FIG. 20D. Subsequently, in step 
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S20, the Al layer 51 is etched. In step S21, the Al 

layer 51 is oxidized to form the AI2O3 layer 40. As a 

result, the side wall insulating film 40 formed of the 

AI2O3 layer is completed as shown in FIG. 20E. The 
5 side wall insulating film 40 covers the sides of the 

pinning layer 28, antif erromagnetic layer 64, cap layer 

36, and hard mask 53. 

Then, in step Sll, the tunnel barrier film 29 is 

patterned. Furthermore, in step S43, the ferromagnetic 
10 layer 65 and the metal layer 60 are patterned. As a 

result, the free layer 30 is completed to obtain the 

structure shown in FIG. 20F, 

Subsequently, steps S13 to S17 are executed as 

described in the above first embodiment to complete the 
15 MRAM. 

Also with the fabricating method according to the 
present embodiment, effects similar to those of the 
above first and second embodiments are obtained even 
with a top pin type MRAM. 

20 FIG. 21 is a flow chart of MRAM fabricating steps 

according to a variation of the present embodiment. 
The present variation relates to the above first 
embodiment applied to a top pin type MRAM and using a 
hard mask layer. That is, even if a hard mask layer is 

25 used, a side wall insulating film may be formed by 

patterning an AI2O3 film. 

Now, with reference to FIG. 22, description will 
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be given of a semiconductor memory device according to 
an eleventh embodiment. FIG. 22 is a sectional view of 
a memory cell in an MRAM, notably its magneto resistive 
element according to the present embodiment. The 
5 present embodiment corresponds to the above fourth 

embodiment applied to a top pin type MRAM. 
Accordingly, its detailed description is omitted. 

As shown in the figure, the magneto resistive 
element 27 of the MRAM according to the present 

10 embodiment corresponds to the arrangement according 

to the eighth to tenth embodiments in which the 
composition of AI2O3 as the tunnel barrier film 29 is 
improved. That is, the tunnel barrier film 29 has a 
higher oxygen content at the end than in the center of 

15 the magneto resistive element 27. Specifically, the 

composition of the tunnel barrier film is Al20 x in the 
center of the magneto resistive element and is A^Oy at 
its end, where x and y are both close to 3 and y>x. 

With the configuration according to the present 

20 embodiment, the effects described in the above fourth 

embodiment are obtained even with a top pin type MRAM. 

Now, with reference to FIG. 23, description will 
be given of a semiconductor memory device according to 
a twelfth embodiment. FIG. 23 is a sectional view of a 

25 memory cell in an MRAM, notably its magneto resistive 

element according to the present embodiment. The 
present embodiment corresponds to the above fifth 
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embodiment applied to a top pin type MRAM. 
Accordingly, its detailed description is omitted. 

As shown in the figure, the magneto resistive 
element 27 of the MRAM according to the present 
embodiment corresponds to the arrangement according to 
the above eighth to tenth embodiments in which the 
tunnel barrier film 29 has a larger film thickness at 
the end of the magneto resistive element. That is, the 
tunnel barrier film 29 has the film thickness dl in the 
center of the magneto resistive element and the film 
thickness d2 at its end. In this case, d2>dl. 

The present structure can be formed by increasing, 
in the above eighth to tenth embodiments, the time 
required for the oxidizing process to provide excessive 
oxidization when the Al layer 51 is oxidized. The 
excessive oxidization causes oxygen to enter not only 
the AI2O3 layer 29 but also an area of the in-surface 
edge of the pinning layer 28 which contacts with the 
tunnel barrier film 29. As a result, a part of the 
CoFe layer 61, forming the pinning layer 30, is 
oxidized to form a CoO x layer and an FeO x layer. That 
is, at the end of the magneto resistive element, the 
tunnel barrier film 29 is formed of an AI2O3 layer, a 
CoO x layer, and an FeO x layer. Consequently, the 
tunnel barrier film 29 apparently has a larger film 
thickness in the center than at the end of the magneto 
resistive element . 
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With the above configuration, the effects 
described in the above fifth embodiment are obtained 
even with a top pin type MRAM . 

Now, with reference to FIG. 24, description will 
5 be given of a semiconductor memory device according to 

a thirteenth embodiment. FIG. 2 4 is a sectional view 
of a memory cell in an MRAM, notably its magneto 
resistive element according to the present embodiment. 
The present embodiment corresponds to the above sixth 

10 embodiment applied to a top pin type MRAM . Accord- 

ingly, its detailed description is omitted. 

As shown in this figure, the magneto resistive 
element 27 of the MRAM according to the present 
embodiment corresponds to the arrangement according to 

15 the above eighth to tenth embodiments in which the 

tunnel barrier film 29 has a much larger film thickness 
at the end of the magneto resistive element. 

The present structure can be formed by increasing, 
in the above eighth to tenth embodiments, the time 

20 required for the oxidizing process to provide excessive 

oxidization when the Al layer 51 is oxidized. The 
excessive oxidization causes oxygen to enter not only 
the AI2O3 layer 29 but also the pinning layer 28 and 
the free layer 30. As a result, a part of the CoFe 

25 layer 34, forming the free layer 30, is oxidized to 

form a CoO x layer and an FeO x layer. Further, a part 
of the NiFe layer 65, forming the free layer 30, is 
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oxidized to form an NiFe oxide film. Thus, at the end 
of the magneto resistive element, the tunnel barrier 
film 29 is formed of an A1 2 0 3 layer, and an insulating 
film formed by oxidizing the CoFe layer 61 and NiFe 
5 layer 65. Consequently, the tunnel barrier film 29 

apparently has a larger film thickness in the center 
than at the end of the magneto resistive element. 

According to the present embodiment, effects 
similar to those of the above sixth embodiment are 

10 obtained even with a top pin type MRAM. 

Now, with reference to FIG. 25, description will 
be given of a semiconductor memory device according to 
a fourteenth embodiment. FIG. 25 is a sectional view 
of a memory cell in an MRAM, notably its magneto 

15 resistive element according to the present embodiment. 

The present embodiment corresponds to the above seventh 
embodiment applied to a top pin type MRAM. 

As shown in the figure, the magneto resistive 
element 27 comprises the free layer 30, the tunnel 

20 barrier film 29 formed on the free layer 30, and the 

pinning layer 28 formed on the tunnel barrier film 29. 
The free layer 30 has a stacked structure including 
the seed layer 60 formed of, for example, Cu and the 
ferromagnetic layer 30 formed of, for example, Py. 

25 The pinning layer 28 also has a stacked structure 

including, for example, the CoFe layer 61, the Ru layer 
62, and the CoFe layer 63, which are sequentially 
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formed. The tunnel barrier film 29 has the film 
thickness dl in the center of the magneto resistive 
element and the film thickness d4 at its end (d4>dl) . 

A method of forming the magneto resistive element 
according to the present embodiment is similar to that 
of the above seventh embodiment. That is, the 
structure shown in FIG. 16B is obtained through steps 
SI to S42 in FIG. 15C, described in the above eighth 
embodiment. Subsequently, the tunnel barrier film 29, 
the ferromagnetic layer 30, and the metal layer 60 are 
sequentially etched. Then, the magneto resistive 
element is exposed to an oxygen atmosphere. As a 
result, the CoFe layers 61 and permalloy layer 65, 
arranged over and under the tunnel barrier film 29, 
respectively, are oxidized in their areas corresponding 
to the end of the magneto resistive element. Thus, the 
structure shown in FIG. 25 is obtained. 

According to the present embodiment, effects 
similar to those of the above seventh embodiment are 
obtained even with a top pin type MRAM. 

Now, with reference to FIG. 26A, description will 
be given of method of fabricating a semiconductor 
memory device according to a fifteenth embodiment of 
the present invention. FIG. 26A is a flow chart of 
MRAM fabricating steps according to the present 
embodiment . 

As shown in the figure, the fabricating method 
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according to the present embodiment corresponds to 
the fabricating steps described in the above first 
embodiment, variation of the third embodiment, eighth 
embodiment, and variation of the tenth embodiment 
5 wherein the Al layer is oxidized in step S9 and then 

annealed in step S60. 

The fabricating method according to the present 
embodiment improves the insulating property of the side 
wall insulating film 40. The AI2O3 film forming the 

10 side wall insulating film 40 may have the loss of 

oxygen or include an area with an excessive amount of 
Al or oxygen. However, by oxidizing and then annealing 
the Al layer as in the present embodiment, Al and 
oxygen atoms can be made uniform. As a result, the 

15 insulating property of the AI2O3 can be improved. 

Further, once the Al layer is oxidized, the composition 
of the resultant side wall insulating film is not 
completely AI2O3. However, the annealing operation 
helps complete the composition of the side wall 

20 insulating film. Therefore, the insulating property is 

improved. 

FIG . 2 6B is a flow chart showing some MRAM 
fabricating steps according to a variation of the 
present embodiment. The present variation corresponds 
25 to the fabricating steps described in the above second, 

third, ninth, and tenth embodiments wherein the Al 
layer is oxidized in step S21 and then annealed in step 
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S60. The above effects are also obtained using a 
fabricating method according to the present variation. 
The annealing in step S60 may be carried out at any 
time after the Al layer oxidizing step and need not 
5 necessarily be executed immediately after the oxidizing 

step. Further, the annealing step may be continuously 
executed with the Al layer forming and oxidizing steps 
and other steps within the same fabricating apparatus. 
As described above, according to the first to 

10 sixth embodiments of the present invention, the side 

wall insulating wall 40 is formed on the tunnel barrier 
film 29 so as to surround the periphery of the free 
layer 30. It is thus possible to hinder a short 
circuit between the pinning layer 28 and the free layer 

15 30 caused by residue resulting from the Ar ion milling. 

Further, since the side wall insulating film 40 
prevents a short circuit between the pinning layer 28 
and the free layer 30, ions can enter the semiconductor 
substrate surface substantially perpendicularly to it 

20 during the Ar ion milling step executed to form the 

pinning layer 28. Thus, the shape of the pinning layer 
28 can be easily controlled to ensure a sufficient 
operation margin for the MRAM. Furthermore, the side 
wall insulating film 40 is formed by oxidizing the Al 

25 layer 51. In this case, oxygen is also supplied to the 

end of the tunnel barrier film 29. Consequently, those 
areas of the tunnel barrier film 29 which correspond to 
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the ends of the magneto resistive element can suffi- 
ciently maintain their insulating property. This makes 
it possible to prevent a short circuit between the 
pinning layer 28 and the free layer 30. 
5 Further, according to the seventh and fourteenth 

embodiments, a part of the pinning layer 28 and free 
layer 30 are oxidized. As a result, the tunnel barrier 
film 29 has a larger film thickness at the end of the 
magneto resistive element, thus producing the above 

10 effects. 

Furthermore, according to the eighth to thirteenth 
embodiments, effects similar to those of the above 
first to sixth embodiments are obtained even with a top 
pin type MRAM. That is, the side wall insulating film 

15 40 is formed on the tunnel barrier film 29 so as to 

surround the periphery of the pinning layer 28. It is 
thus possible to prevent a short circuit between 
the pinning layer 28 and the free layer 30. Further, 
ions can enter the semiconductor substrate surface 

20 substantially perpendicularly to it during the Ar ion 

milling step executed to form the free layer 30. Thus, 
the shape of the free layer 30 can be easily controlled 
to ensure a sufficient operation margin for the MRAM. 
Furthermore, according to the fifteenth 

25 embodiment, the Al layer 51 is oxidized and then 

annealed. This results in the uniform composition of 
the AI2O3 layer forming the side wall insulating film 
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40. Thus, the insulating property of the side wall 
insulating film 40 can be improved. 

In the description of the above embodiments, Al 
is cited as an example of material used to form the 
5 side wall insulating film 40. However, the present 

embodiment is not particularly limited to Al . Other 
metal or alloy may be used. Preferably, it is 
desirable to use material that is easier to oxidize 
than the ferromagnetic material used for the free layer 

10 or the pinning layer. Further, the formation of the 

side wall insulating film 40 is not limited to 
oxidization. For example, nitridization or 
f luoridization may be used. However, in view of the 
yield and manufacturing costs, the side wall insulating 

15 film 40 and the tunnel barrier film 29 are desirably an 

oxide, a nitride, or a fluoride containing the same 
metal element. For example, AI2O3, A1N, MgO, HfC>2, 
GaO, LaAlC>3, MgF2 , CaF2, or the like may be used. 
These compounds may have a small loss of oxygen 

20 (nitrogen or fluorine) . Further, the above fabricating 

steps are not limited to the above order. The order 
can be changed as drastically as possible. Further- 
more, in the description of the above eighth to 
thirteenth embodiments, the pinning layer 28 has a 

25 multilayer structure including the CoFe layers 61 and 

63 and the Ru layer 62. However, the pinning layer 28 
may be formed only of a CoFe layer. 
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Further, in the description of the above 
embodiments, the magneto resistive element is a memory 
cell using an MTJ element. However, a GMR (Giant 
Magneto Resistive) element, a CMR (Colossal Magneto 
5 Resistive) element, or the like may be used. 

Various applications are possible in magneto 
resistive random access memories (semiconductor memory) 
according to the first to fifteenth embodiments of the 
present invention. FIGS. 27 to 33 show some examples 
10 of applications thereof. 

(Application Example 1) 

As an example, FIG. 27 shows a DSL data path part 
of a modem for a digital subscriber line (DSL) . The 
modem comprises a programmable digital signal processor 

15 (DSP) 100, an analogue-digital converter 110, a 

digital-analogue converter 120, filters 130 and 140, a 
transmission driver 150, and a receiver amplifier 160. 
In the structure of FIG. 27, a band-pass filter is 
omitted. Instead, it includes, as optional memories of 

20 various types which can hold line code programs, a 

magneto resistive random access memory 170 according to 
the first to fifteenth embodiments of the present 
invention, and an EE PROM 180. 

In this example, two memories of the magneto 

25 resistive random access memory and EE PROM are used as 

memories for holding the line code programs. However, 
the EE PROM may be replaced by another magneto resistive 
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random access memory. Further, only a magneto 
resistive random access memory may be used, instead of 
using two memories. 

(Application Example 2) 

As another example, FIG. 28 shows a part of 
realizing a communication function in a cellular phone 
terminal. As shown in FIG. 28, the part of realizing a 
communication function comprises a transmission/ 
reception antenna 201, an antenna sharing device 2 02, a 
receiving section 203, a base band processing section 
204, a DSP (Digital Signal Processor) 205 used as a 
voice codec, a speaker (receiver) 206, a microphone 
(transmitter) 207, a transmitting section 208, and a 
frequency synthesizer 209. 

Further, as shown in FIG. 28, the cellular phone 
terminal 300 is provided with a control section 200 
which controls sections of the cellular phone terminal. 
The control section 200 is a microcomputer formed by 
connecting a CPU 221, a ROM 222, a magneto resistive 
random access memory (MRAM) 223 according to the first 
to fifteenth embodiments of the present invention, 
and a flash memory 224 through a CPU bus 225. Some 
programs to be executed in the CPU 221 and necessary 
data such as fonts for display are prestored in the ROM 
222. Further, the MRAM 223 is mainly used as a work 
space. For example, the MRAM 223 is used for storing 
data which is being calculated according to necessity 
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when the CPU 221 is executing a program, or for 
temporarily storing data to be transmitted and received 
among the sections. The flash memory 224 stores 
setting parameters, in the case of adopting a method of 
5 use in which the setting conditions just before turning 

off the power of the cellular phone terminal 300 is 
stored and the same setting conditions are used when 
the terminal is turned on next. Specifically, the 
flash memory 224 is a non-volatile memory, in which the 

10 stored data is not erased by turning off the power of 

the cellular phone terminal. 

Although the ROM 222, MRAM 223, and flash memory 
224 are used in this application example, the flask 
memory 224 may be replaced by a magneto resistive 

15 random access memory according to the first to 

fifteenth embodiments of the present invention. 
Further, the ROM 222 may also be replaced by a magneto 
resistive random access memory according to the first 
to fifteenth embodiments of the present invention. 

20 (Application Example 3) 

FIG. 29 to 33 show an example in which a magneto 
resistive random access memory according to the first 
to fifteenth embodiments of the present invention is 
applied to a card (MRAM card) , such as a smart media, 

25 which stores media contents. 

In FIG. 29, an MRAM card 400 comprises an MRAM 
chip 401, an opening portion 402, a shutter 403, and an 
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external terminal 404. The MRAM chip 401 is contained 
inside the card main body 400, and is exposed to the 
outside through the opening portion 402. When the MRAM 
card is carried, the MRAM chip 401 is covered with the 
5 shutter 403. The shutter 403 is formed of a material 

having an effect of shielding the chip from an external 
magnetic field, such as ceramic. When the data in the 
card is transferred, the shutter 403 is opened and the 
MRAM chip 401 is exposed. The external terminal 404 is 

10 used for taking out the contents data stored in the 

MRAM card to the exterior. 

FIGS. 30 and 31 are a top view and a sectional 
view of a transfer device which transfers data to the 
MRAM card. The transfer device is a card-inserting 

15 type transfer device. A second MRAM card 450 which an 

end user uses is inserted in an inserting section 510 
of the transfer device 500, and pushed into the device 
until it is stopped by a stopper 520. The stopper 520 
is also used as a member for positioning the first MRAM 

20 550 and the second MRAM card. Simultaneously with 

positioning the second MRAM card 450 to a predetermined 
position, data stored in the first MRAM card is 
transferred to the second MRAM card. 

FIG. 32 shows a fit-in type transfer device. In 

25 this type, a second MRAM card is mounted on a first 

MRAM against the stopper 52 0, as shown in an arrow in 
FIG. 32, such that the second MRAM card is fitted on 



the first MRAM . The transfer method thereof is the 
same as that of the card-inserting type, and its 
explanation is omitted. 

FIG. 33 shows a slide-type transfer device . In 
this type, a receiver slide 560 is provided on a 
transfer device 500, in the same manner as a CD-ROM 
drive and a DVD drive. The receiver slide 560 is moved 
as shown by an arrow in FIG. 33. When the receiver 
slide 560 has been moved to the state as shown by a 
broken line in FIG. 33, a second MRAM card 450 is 
placed on the receiver slide 560, and the receiver 
slide 560 carries the second MRAM card into the 
transfer device 500. The slide-type device is the same 
as the card-insertion type in the point that the second 
MRAM card is carried such that a distal end portion of 
the second MRAM card abuts against the stopper 52 0 and 
in the transfer method. Therefore, their explanations 
are omitted. 

In the embodiments described above, the side wall 
insulating film 40 covers either side of the pinning 
layer 28 or free layer 30 entirely. Nonetheless, the 
sides of the layer 28 or layer 30 need not be entirely 
covered. 

If the free layer 30 provided on the tunnel 
barrier film 29 is thick, the insulating film 40 may 
cover only a part of the side of the free layer 30 as 
shown in FIG. 34. More precisely, the film 40 may 
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cover only the lower part of the side of the layer 30, 
which lies near the tunnel barrier film 29. Thus, the 
film 40 does not cover the upper part of the side of 
the layer 30. 

In the case of the top pin type MRAM, the 
insulating film 40 may cover only a part of the side of 
the pinning layer 28 as illustrated in FIG. 35. More 
specifically, the film 40 may cover only the lower part 
of the side of the pinning layer 28, which lies near 
the tunnel barrier film 29. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



